ABSTRACT The current study investigated the interaction among density, feeding impact, and dispersal of western ßower thrips, Frankliniella occidentalis (Pergande), on potted ßowering chrysanthemum plants. In cage experiments using chrysanthemum plants infested with either 0, 400, 800, or 1,200 thrips, the proportion of senescent inßorescences increased with time and with the number of thrips released on chrysanthemum plants. Positive correlations between the proportion of senescent inßorescences and the density of thrips per inßorescence for different time periods indicate that the feeding activity of thrips causes a premature senescence of inßorescences. On plants infested with 0 or 400 thrips, population density slightly increased for 10 Ð14 d and then leveled off; on plants infested with 800 or 1,200 thrips, in contrast, population density remained high for 7Ð10 d and then steadily declined to very low levels. A high proportion of senescent inßorescences was positively correlated with the proportion of females that dispersed on blue sticky cards for different time periods, whereas the rate of dispersal by males was not consistently impacted by the quality of inßorescences. Releasing adult thrips marked with ßuorescent powder in greenhouses indicated that the quality of inßores-cences meditates the dispersal behavior of adult thrips up to a distance of 4 m: females are more likely to disperse from senescent than healthy inßorescences and preferentially colonize healthy inßores-cences over senescent inßorescences. The dispersal behavior of adult thrips has important implications in terms of sex-speciÞc optimal reproductive strategies, sampling procedures, and population dynamics.
UNDERSTANDING THE CAUSES and consequences of dispersal is critical to determine the impact of dispersal on the spatial structure of animal populations (Nathan 2001) . In several phytophageous insects, crowding of the host plant is correlated with a high incidence of dispersal, either as a result of high population density per se or intense feeding by herbivores on their host plant (Denno and Peterson 1995 , Herzig 1995 , Herzig and Root 1996 , Dixon 1998 , Rhainds et al. 2002 . Density-dependent dispersal has a strong inßuence on the population dynamics of phytophageous insects because it stabilizes local populations and generates relatively uniform, synchronous distribution of insects, especially when adults preferentially colonize hosts with a low abundance of conspeciÞcs (Ruxton and Rohani 1998) . Dispersal is of particular adaptive signiÞcance for insects that exploit ephemeral resources with a low carrying capacity (Kindvall 1999 ), such as is usually the case with reproductive structures of plants ( Thompson 1983) . For several insect species, adults are more likely to disperse when the abundance of ßowers is low (Nealis and Lomic 1994 , Kuussaari et al. 1996 , Matter and Roland 2002 or when fruits are infested by conspeciÞcs , 1984 , Aluja and Boller 1992 .
The life history of ßower thrips (Thysanoptera: Thripidae) provides an opportunity to quantify the impact of colonization of ßowers on the rate of dispersal by adults. Although thrips may feed and reproduce on vegetative plant structures, adults preferentially orient toward and land on ßowering plants (Yudin et al. 1988 , de Jager et al. 1993 , Kumar et al. 1995 and are relatively more abundant on plants with numerous, large ßowers (Davidson and Andrewartha 1948 , de Jager et al. 1995b , Pearsall 2000 .
Because thrips may colonize the same host plant for several generations, the ability to detect shifts in host quality and disperse contributes greatly to the reproductive success of adults (Terry 1997) . The incidence of adult dispersal may increase with either increasing density of thrips per ßower (Gopinathan et al. 1981) or decreasing availability of pollen (Forbes and Beck 1954) , and be highest on deteriorating hosts (Lewis 1997a) . Adults may also be least likely to colonize host plants damaged by conspeciÞcs (Agrawal and Colfer 2000) . Overall, however, few studies have evaluated the proportion of adult thrips that disperse between host plants (Kirk 1997) . The current study investigated the dispersal behavior of western ßower thrips, Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae), on ßowering chrysanthemum plants, Dendranthema grandiflora (Tzelev) .
Frankliniella occidentalis is a polyphagous insect that feeds on the vegetative and reproductive structures of at least 240 host plants (Tommasini and Maini 1995) , including 34 cultivated species (Lewis et al. 1997) . Populations of F. occidentalis have the potential to increase rapidly on suitable hosts, because of their short life cycle (Ͻ2 wk) and the high fecundity of females (up to 230 eggs) (Robb 1989) . Adults are relatively weak ßiers, yet they have the capacity to discriminate between hosts of various quality while in ßight (Lewis 1997a) . Frankliniella occidentalis can feed on the foliage of chrysanthemum, resulting in reduced plant growth and distortion of leaf tissue (van Dijken et al. 1994 , de Jager et al. 1997 . Chrysanthemum plants in their vegetative stage are poor hosts, however, and populations of F. occidentalis cannot grow when fed exclusively chrysanthemum leaves (intrinsic rate of increase R Ͻ 0) (de Jager et al. 1993 (de Jager et al. , 1995a . Adult F. occidentalis preferentially land on ßowering rather than nonßowering chrysanthemum plants and achieve higher reproductive output on ßowering plants (Kumar et al. 1995 , de Jager et al. 1993 , 1995a ; see also Gerin et al. 1999) . The high population growth of F. occidentalis on ßowering chrysanthemum may be caused by the presence of pollen (Kirk 1987; Trichilo and Leigh 1988) , although chrysanthemum cultivars highly susceptible to thrips include ßowering structures with and without pollen (de Jager et al. 1993 ). Inßorescences of chrysanthemum remain fresh for up to 4 wk (Nell et al. 1990 ), but feeding by F. occidentalis causes a premature necrosis of ßoral tissue (van Dijken et al. 1995) . However, the relationship between thrips density and the incidence of senescent inßorescences has not been quantiÞed. In addition, no studies have yet investigated the impact of inßorescence senescence on the population dynamics and dispersal behavior of thrips. Objectives of the current study were (1) to quantify the interaction among density of thrips, senescence of chrysanthemum inßorescences and incidence of dispersal by adult F. occidentalis, and (2) to test the hypothesis that interplant dispersal by adult thrips is mediated by attributes of inßorescences. (Leamington, Ontario, Canada) were maintained in groups of four to Þve rooted cuttings in 15 cm diameter by 10 cm high pots, and at the onset of experiments, they had attained ßowering stages 3Ð 4 (50 Ð75% of the inßo-rescences open) (Yoder 2001) . Potted plants had on average 110 inßorescences per pot, with each inßo-rescence consisting of Ϸ20 peripheral ray ßorets (petals) and 192 disc ßorets in the button center (Fig. 1) . No insecticides were applied to the chrysanthemum plants for at least 20 d before conducting experiments. Interaction Between Density of Thrips, Senescence of Inflorescences, and Dispersal of Adults. Chrysanthemum plants were individually enclosed in 50 by 50 by 90 cm high screen cages maintained in a controlled environment chamber (24ЊC, 30% RH, and a photoperiod of 14:10 [L:D] h). A 5 by 7 cm blue trap coated with Tanglefoot on both sides was vertically suspended 25 cm above the plant canopy in each cage. Each plant was then randomly assigned to one of four treatments and infested with either 0, 400, 800, or 1,200 thrips. The experiment was replicated seven times, corresponding to a total of 28 chrysanthemum plants individually enclosed in screen cages. The incidence of senescent inßorescences was evaluated 5, 7, 10, 12, 14, 16, and 18 d after the release of thrips by classifying inßorescences as either healthy or senescent (drooping, discolored petal ßorets; Fig. 1 ). On each date, the number of males and females trapped on the blue sticky traps was recorded, and the abundance of thrips on chrysanthemum plants estimated by washing inßorescences in 250-ml solutions of 70% alcohol for 5Ð10 s to extract thrips. Each alcohol solution was separately Þltered through a Bü chner funnel, and the number and life stage (immature [larva, prepupa, pupa] , male adult, female adult) of thrips on Þlter papers were recorded. On each date, between 6 and 40 inßorescences were sampled per plant, depending on the availability of inßorescences, with 15 inßores-cences being sampled on most dates. For each plant, healthy and senescent inßorescences were washed in separate solutions of alcohol, with the number of healthy and sencescent inßorescences sampled each date reßecting approximately the relative incidence of senescence on whole chrysanthemum plants. After 18 d, when all inßorescences had been sampled, the foliage of each chrysanthemum plant was washed in 1,200-ml solutions of alcohol to evaluate the abundance and life stage of thrips. Each pot was then transferred back to its respective cage for 5 d, with a blue sticky card suspended 25 cm above the pot to capture adults emerging from the soil media.
Materials and Methods

Experimental
Statistical analyses were conducted using the SAS statistical package (SAS Institute 1998). For each chrysanthemum plant and date, the abundance of immatures and adults per inßorescence or per plant was estimated using the number of thrips extracted from healthy and senescent inßorescences and the relative incidence of healthy and senescent inßoresences on the whole plant. The proportion of dispersing adults per plant (y) was evaluated for males and females on different dates using the ratio y ϭ x trap /[x trap ϩ x plant ], in which x trap represents the number of adults captured on blue sticky traps and x plant the estimated density of adults per plant. Estimated density of thrips per inßorescence per plant, proportion of senescent inßorescences, and proportion of dispersing adults were compared for plants infested with 0, 400, 800, or 1,200 thrips on different dates using factorial analysis of variance (ANOVA), with date and infestation level treated as Þxed factors and replicate as a blocking factor. The relationship between the number of thrips released per plant (x) and the abundance of thrips per inßorescence per plant (y) was compared for different time periods (5Ð10, 12Ð14, and 16 Ð18 d after release) using linear (
, and cubic (y ϭ ␤ o ϩ ␤ 1 x 3 ) models. The impact of thrips on inßorescence senescence was evaluated by regressing the density of thrips per inßores-cence per plant (independent variable) versus the proportion of senescent inßorescences per plant (dependent variable) for different dates. The impact of inßorescence senescence on dispersal of adults was evaluated for different dates by regressing the proportion of senescent inßorescences (independent variable) versus the proportion of adults captured on blue sticky cards (dependent variable). Whenever necessary, heterogeneity of variance was reduced by subjecting data to square-root (density of thrips per inßorescence or per plant) or arcsine (proportion of senescent inßorescences or of dispersing adults) transformations.
Impact of Inflorescence Quality on Rates of Dispersal by Adult Thrips. Experiments were conducted in large screen cages (4.8 by 2.8 by 2.3 m high) maintained in 7 by 7 m greenhouses, with the ambient conditions averaging 23ЊC, 80% RH, and a photoperiod of 15:9 (L:D) h. In a Þrst experiment, four chrysanthemum plants were placed at the corners of each cage, 2.8 m from the center, with plants either having low (Ͻ10%) or high (Ͼ90%) incidence of senescent inßorescences. The position of plants with low and high proportion of senescent inßorescences was alternated within each cage. Four 10 by 25 cm high blue traps coated with Tanglefoot on both sides were vertically suspended 1 m above ground halfway between each plant and the center of the cage. Before being released in the cage, 1,200 adults were aspirated into a plastic container and dusted with ßuorescent powder (Dayglo Color, Cleveland, OH) through an aspirator. Marked adults were released 75 cm above ground at the center of the cage; sexing a subsample of the marked adults indicated a sex ratio of approximately three to four females for one male. On the day after the release of marked adults, the abundance of marked males and females was assessed on each trap. All inßorescences of each plant were then vigorously tapped three times inside a white pan, and dislodged adults were aspirated into a plastic container before being transferred into a petri dish. Adults were frozen for 1 h, and the number of marked males and females was recorded for each plant. The experiment was replicated six times. The abundance of marked thrips on plants with low and high incidence of senescent inßorescences, or on traps facing plant with various inßorescence quality, was compared using factorial ANOVA, with sex and inßorescence quality treated as Þxed factors, replicate as a blocking factor, and individual plants (two plants per treatment per replicate) as repeated measurements. Heterogeneity of variance was reduced by subjecting data to square-root transformations.
In a second experiment, chrysanthemum plants with low and high incidence of senescent inßores-cences were placed 4 m apart inside a screen cage, with a blue sticky trap vertically suspended 1 m above ground between the two plants. A total of 600 adults marked with ßuorescent powder was released on each plant, using different colors for different plants. One day later, the abundance of marked males and females on sticky traps and chrysanthemum plants was recorded as described above. Marked adults were classiÞed as either "resident" (sampled on the original plant where they had been released) or "migrant" (sampled on a new plant). The experiment was replicated four times, alternating between replicates the pigment color used on plants with high and low incidence of senescent inßorescences. The abundance of marked thrips on plants with low and high incidence of sencescent inßorescences was compared using factorial ANOVA, with plant quality and resident status of adults treated as Þxed factors and replicate as a blocking factor. Because few marked males were recovered, sex was not included in the analysis. Heterogeneity of variance was reduced by subjecting data to square-root transformations.
Results
Interaction Between Density of Thrips, Inflorescence Senescence, and Adult Dispersal. A preliminary survey carried out with seven chrysanthemum plants shortly before the onset of the experiment indicated that all plants had at least some thrips, yet the density was relatively low (Ͻ1 thrips on average per inßores-cence; range, 0.3Ð2.2). Most (92.4%) thrips were sampled on inßorescences, with only 7.6% present on the foliage. Thrips were recovered from inßorescences throughout the experiment, even on plants where no thrips had been released.
Comparing the relative abundance of thrips per inßorescence on chrysanthemum plants infested with different numbers of thrips revealed signiÞcant interactions between time and infestation level (immatures: F ϭ 5.52, P Ͻ 0.0001; males: F ϭ 2.79, P ϭ 0.0003; females: F ϭ 4.97, P Ͻ 0.0001; df ϭ 18, 162 for all analyses). These interactions indicated that variations in population density as a function of time ßuctuated according to the density of released thrips. On plants infested with 0 or 400 thrips, the population density slightly increased for 10 Ð14 d and then leveled off; on plants infested with 800 or 1,200 thrips, in contrast, the population density remained high for 7Ð10 d and then steadily declined to low levels (Fig. 2) . The relationship between the number of thrips released per plant and the abundance of thrips per inßorescence per plant was more adequately described by linear than quadratic or cubic models (Fig. 3) . The density of either immatures, females, or males increased with the number of thrips released on the plant within 10 d after the release of adults, whereas opposite trends were observed toward the end of the experiment (Fig.  3) .
Comparing the relative abundance of thrips per inßorescence on healthy and senescent inßorescences indicated signiÞcant interactions between time and inßorescence quality for immatures (F ϭ 14.41, df ϭ 6,166, P Ͻ 0.0001) and females (F ϭ 3.83, df ϭ 6,166, P ϭ 0.0013), although the trends were different for immatures and females. Senescent inßorescences carried on average 10 Ð15 times more immatures than healthy inßorescences within 7 d after the release of thrips, whereas immatures were slightly more abundant on healthy inßorescences thereafter (Fig. 4) . In contrast, the abundance of females on healthy and senescent inßorescences was similar within 7 d after the release of thrips; later, healthy inßorescences carried on average two to Þve times more females than senescent inßorescences (Fig. 4) . Variations of male abundance on healthy and senescent inßorescences over time exhibited a similar pattern to that of females (Fig. 4) , but the interaction among time and inßores-cence quality was not signiÞcant (F ϭ 1.31, df ϭ 6,166, P ϭ 0.257).
Relatively few adults emerged from the potted soil media (7.6 Ϯ 1.6 males and 16.9 Ϯ 2.4 females), and neither the abundance of males (F ϭ 1.21, df ϭ 3, 15, P ϭ 0.339) nor females (F ϭ 0.92, df ϭ 3, 15, P ϭ 0.455) was affected by the density of thrips released on chrysanthemum plants. The average number of thrips sampled on the foliage at the end of the experiment was not affected by the density of released thrips (immatures: F ϭ 2.15, df ϭ 3, 18, P ϭ 0.129; males: F ϭ 0.81, df ϭ 3, 18, P ϭ 0.504; females: F ϭ 2.97, df ϭ 3, 18, P ϭ 0.059). The density of thrips on the foliage was low (60 Ϯ 8) compared with the estimated number of The proportion of senescent inßorescences increased asymptotically with time (F ϭ 183.70, df ϭ 6, 162, P Ͻ 0.0001) and was higher on plants infested with numerous thrips (F ϭ 86.48, df ϭ 3, 162, P Ͻ 0.0001; Fig. 5 ). The signiÞcant interaction between time and infestation level (F ϭ 5.33, df ϭ 18, 162, P Ͻ 0.0001) was caused by the earlier incidence of senescence on plants infested with high number of thrips (Fig. 5) . SigniÞcant relationships between density of thrips per inßorescence and the proportion of senescent inßo-rescences 5, 7, 10, and 12 d after the onset of experiments (Table 1) indicated that the feeding activity of thrips contributes to the senescence of inßorescences.
The low abundance of thrips on the foliage justiÞed assessments of population density per plant based exclusively on inßorescences. Variations of the proportion of females dispersing from chrysanthemum plants exhibited the same pattern as for incidence of senescent inßorescences, with similar asymptotic increments with time (F ϭ 85.53, df ϭ 6, 162, P Ͻ 0.0001), higher incidence on plants infested with numerous thrips (F ϭ 5.96, df ϭ 3, 162, P ϭ 0.0007), and early incidence of dispersal on plants with initially high number of thrips (interaction between time and infestation level: F ϭ 2.56, df ϭ 18, 162, P ϭ 0.0010; Fig.  5 ). The incidence of dispersal among males exhibited a different pattern than for females, with relatively high proportions of males dispersing from chrysanthemum plants at the onset of the experiment (F ϭ 18.88, df ϭ 6, 182, P Ͻ 0.0001), when the incidence of senescent inßorescences was low; neither infestation level (F ϭ 1.81, df ϭ 3, 162, P ϭ 0.147) nor the interaction between time and infestation level (F ϭ 0.94, df ϭ 18, 162, P ϭ 0.535) affected the incidence of male dispersal (Fig. 5) . Comparing the relative pro- portion of adults dispersing from chrysanthemum plants in relationship with the incidence of senescent inßorescences indicated signiÞcant regression for three intervals for females and only one interval for males (Table 1) .
Impact of Inflorescence Quality on Rates of Dispersal by Adult Thrips. Of 1,200 marked adults released at the center of a screen cage for each of six replicates, 53 Ϯ 17 were captured on blue sticky traps and 100 Ϯ 22 were recovered on chrysanthemum plants. SigniÞcantly more females than males were trapped on sticky cards (F ϭ 32.36, df ϭ 1,39, P Ͻ 0.0001) or colonized chrysanthemum plants (F ϭ 98.42, df ϭ 1, 39, P Ͻ 0.0001; Fig. 5 ). Captures of adults on sticky cards facing plants with high or low incidence of senescent inßorescences did not signiÞcantly differ (F ϭ 0.00, df ϭ 1, 39, P ϭ 0.959). The quality of inßorescences greatly affected the number of adults colonizing chrysanthemum plants (F ϭ 15.39, df ϭ 1, 39, P ϭ 0.0003), with the highest number of thrips recovered on plants with a low incidence of senescent inßorescences (Fig. 5) . The signiÞcant interaction between inßorescence quality and sex (F ϭ 11.03, df ϭ 1, 39, P ϭ 0.002) indicated that females were much more likely than males to discriminate between chrysanthemum plants with high or low incidence of senescent inßorescences (Fig. 6) .
Of 600 marked adults released on each of eight plants, 74.5 Ϯ 22.4 were recovered 24 h later on inßorescences, generally on the same plant on which they had been released (females: F ϭ 56.58, df ϭ 1, 9, P Ͻ 0.0001; males: F ϭ 35.16, df ϭ 1, 9, P ϭ 0.0002; Fig.  7 ). The quality of inßorescences affected the distribution of females (F ϭ 38.04, df ϭ 1, 9, P ϭ 0.0002), with the highest density of adults on plants with low incidence of senescent inßorescences (Fig. 7) . A similar trend was observed for males (Fig. 7) , but the impact of inßorescence quality was not signiÞcant (F ϭ 4.45, df ϭ 1, 9, P ϭ 0.064), Overall, 74 adults migrated from plants that had a high incidence of senescent inßorescences to plants with a low incidence of senescent inßorescences, whereas only 8 Regressions were not conducted 16 and 18 days after the release of F. occidentalis, because all inßorescences were senescent on most plants.
Heterogeneity of variance was reduced by subjecting data to square-root (xЈ ϭ ͌x) or arcine (yЈ ϭ sin Ϫ1 ͌y) transformations. a PϽ 0.01, b PϽ 0.001.
adults followed the reverse migration route (Fig. 7) . Only nine females and two males were captured on blue sticky traps.
Discussion
Results obtained through this study indicated complex interaction among density, feeding impact, and dispersal behavior of F. occidentalis on ßowering chrysanthemum. Positive correlations between the density of F. occidentalis per inßorescence and the proportion of senescent inßorescences indicate that the feeding activity of thrips causes a premature necrosis of ßoral tissue (Table 1) . Females respond to the necrosis of ßoral tissue by dispersing from chrysanthemum plants with numerous senescent inßorescences and preferentially colonizing plants with healthy inßorescences (Table 2; Figs. 5Ð7). The dispersal behavior of adult F. occidentalis has important implications in terms of sex-speciÞc optimal reproductive strategies, sampling procedures, and population dynamics.
Adaptive Significance of Dispersal Behavior for Male and Female F. occidentalis. The ability to respond to host deterioration and disperse from crowded resources is highly adaptive for insects that exploit reproductive structures of plants, because inßorescences are typically short-lived and have a limited carrying capacity (Thompson 1983 ). Parasitism of pollen by ßower thrips (Sakai 2002) provides an opportunity to evaluate the impact of crowding of inßorescences on rates of dispersal by adults, although the evidence was until recently mostly anecdotal. Female F. tritici (Fitch) and F. bispinosa (Morgan) disperse from the inßorescences to vegetative structures of sweet lupine, Lupinus angustifolius (L.), after they exhausted their source of pollen (Forbes and Beck 1954) . Adult Microcephalothrips abdominalis (Crawford) readily disperse from inßorescences of Ageratum conyzoides (L.) infested with numerous conspeciÞcs (Gopinathan et al. 1981) . Alarm pheromone released by immatures signiÞcantly released the colonization of chrysanthemum inßorescences by female F. occidentalis (MacDonald et al. 2002) .
Flowering chrysanthemum plants are highly attractive to thrips and initially allow a rapid population growth (Fig. 2) (de Jager et al. 1993 , 1995a , b, Kumar et al. 1995 . The feeding activity of F. occidentalis causes a premature senescence of ßoral tissue (Table  1) (van Dijken et al. 1995) , however, and senescent inßorescences may have a low nutritional quality, as indirectly suggested by declining density of thrips over time on plants infested with numerous thrips (Figs. 2 and 3 ; see also Gerin et al. 1999) . The low density of immatures on senescent inßorescences 10 d after the release of thrips on chrysanthemum plants (Fig. 4) , in particular, is consistent with the hypothesis that senescent inßorescences have a low quality as food resource for F. occidentalis, although it remains unclear whether the low density of immatures was caused by negative interactions among larvae on senescent inßorescences (van Dijken et al. 1995) , larvae dispersing from senescent to healthy inßorescences (Kirk 1985) , or females preferentially ovipositing on Fig. 7 . Distribution of adult F. occidentalis marked with ßuorescent powder on chrysanthemum plants with low or high incidence of senescent inßorescences. Residents were sampled on the same plant where they had been released, whereas migrants dispersed on another plant. healthy inßorescences (Fig. 4) (Gerin et al. 1999) . Assuming that senescent inßorescences are poor hosts for larval thrips, enhanced dispersal of female F. occidentalis in response to a deterioration of chrysanthemum inßorescences ( (Wang and Shipp 2001) .
Comparing the abundance of thrips on sticky cards and on chrysanthemum inßorescences revealed a higher proportion of dispersing females with increasing incidence of senescent inßorescences (Table 2 ; Fig. 5 ). Variations in abundance of immatures and females on healthy and senescent inßorescences over time suggest that females initially emerge on senescent inßorescences and progressively disperse to healthy inßoresences where they may preferentially oviposit (Fig. 4) . Releases of adult thrips marked with ßuorescent powder indicate that females most readily disperse from chrysanthemum plants with numerous senescent inßorescences while preferentially colonizing plants with healthy inßorescences (Figs. 6 and 7) . The low density of thrips on senescent inßorescences (Fig. 4) indicates that the incidence of dispersal is not directly mediated by the relative abundance of thrips. Instead, the dispersal behavior of female F. occidentalis seems to be inßuenced by the deterioration of chrysanthemum inßorescences caused by the feeding activity of conspeciÞcs (Table 1) .
The mating system of F. occidentalis is characterized by swarms of males aggregating at landmarks, often in sites used by females for reproduction (Terry and Gardner 1990) . IntraspeciÞc competition among males for access to females has been documented (Terry and Dyreson 1996) , and males enhance their Þtness by copulating with a large number of females. In contrast, females maximize their reproductive success by ovipositing on host plants most suitable for the development and survival of their progeny. Sex-speciÞc foraging behavior of adult thrips may therefore be related to distinct optimal reproductive strategies for males and females. For example, the higher ratio of males to females on sticky cards than on host plants (Higgins 1992, Rhainds and Shipp 2003) and the high proportion of males dispersing from chrysanthemum plants within 5 d after the release of thrips (Fig. 5) suggest that males are more active dispersers than females. The high incidence of dispersal among female thrips in response to senescence of chrysanthemum inßorescences (Table 2; Figs. 5Ð7) is consistent with the hypothesis that the foraging behavior of females is largely inßuenced by the quality of inßorescences as food resources for their progeny. The deterioriation of chrysanthemum inßorescences also enhanced the incidence of dispersal among male thrips, yet to a considerably smaller extent than for females (Table 2; Figs. 5Ð7). These results suggest that male F. occidentalis disperse from senescent inßorescences to track the abundance of females in space and time, while selective pressures favoring dispersal from crowded resources may be much more stringent for ovipositing females than for mate-seeking males.
Dispersal Behavior of Adult F. occidentalis and Sampling Procedures. Sticky cards are commonly used to monitor the foraging movements of adult thrips, and in some crop systems, the number of adults captured on sticky cards reßects the abundance of thrips on the vegetation (Yudin et al. 1987, Shipp and Zariffa 1991) . The relationship between densities of thrips on sticky cards and on their host plants is not consistent (Higgins 1992 , Jacobson 1997 , Lewis 1997b , Pearsall and Myers 2000 , however, which may be attributed in part to the impact of host plant attributes on the dispersal behavior of thrips. Adult chillie thrips, Scirtothrips dorsalis Hood, are more likely to be captured on sticky cards in plots with few food resources (Shibao et al. 1993) . Female F. occidentalis disperse greatest distances in greenhouses with least favored hosts (Robb 1989) , and captures of adults on sticky cards decrease after chrysanthemum plants initiate ßowering (Kumar et al. 1995) while increasing with the proportion of senescent inßorescences (Figs. 5Ð7; Table 1 ). Sticky traps placed in the vicinity of cotton plants damaged by F. occidentalis attract less adults than traps nearby undamaged cotton plants (Agrawal and Colfer 2000) . Captures of adult thrips on sticky cards may therefore simultaneously reßect the relative suitability of host plants as food resources and the abundance of thrips in local populations. Moreover, sex ratios of adults captured in sticky cards or sampled in the vegetation may considerably differ (Higgins 1992, Rhainds and Shipp 2003) . Altogether, these results suggest that captures of adults on sticky traps may not provide a consistent, accurate sampling procedure to estimate the abundance and sex ratio of adult thrips on crops.
Impact of Dispersal on the Population Dynamics of F. occidentalis. As reported for other insect species that colonize reproductive structures of plants (Forbes and Beck 1954 , Gopinathan et al. 1981 , 1984 , Aluja and Boller 1992 , previous colonization of chrysanthemum inßorescences by conspeciÞcs affects the dispersal behavior of adult F. occidentalis. The high rate of emigration from plants with a high incidence of senescent inßorescences (Figs. 5Ð7; Table 1 ) and preferential colonization of plants with a low proportion of senescent inßorescences, up to a distance of 4 m (Figs. 6 Ð7) , may inßuence the population dynamics of F. occidentalis. Density-or damage-dependent dispersal coupled with the preferential colonization of as yet uninfested hosts theoretically leads to uniform, synchronous distribution of insects (Ruxton and Rohani 1998) . Although damagedependent dispersal by females may contribute to stabilize local populations of F. occidentalis, a high level of polyphagy (Ͼ240 host plants) (Tommasini and Maini 1995) combined with limited dispersal capacity (Lewis 1997a) suggests that the population dynamics of F. occidentalis in natural habitats are impacted by several other factors, including the relative abundance and ßowering phenology of host plants (Yudin et al. 1988) , the relative lifespan of ßowers in relationship with the duration of thripsÕ life cycle (Southwood et al. 1974 , Kirk 1984 , 1985 , and the distance between patches with suitable host plants , Conradt et al. 2000 , Cronin et al. 2001 .
In a greenhouse with extensive monoculture of chrysanthemum, however, the dispersal behavior of adult F. occidentalis may greatly inßuence their population dynamics. For example, in greenhouse compartments characterized by a continuous cropping system (e.g., with all plant developmental stages simultaneously present), the preference of adult thrips for ßowering plants (Yudin et al. 1988 , de Jager et al. 1993 , Kumar et al. 1995 likely results in a spatially clumped distribution of F. occidentalis. In contrast, chrysanthemum inßorescences could be used as trap plants in greenhouse compartments characterized by monocultures of chrysanthemum in their vegetative stage, because of the low quality of chrysanthemum leaves as food resource combined with the high attractiveness of ßowering plants (de Jager et al.1993 , 1995a , b, Kumar et al. 1995 . Although ßowering chrysanthemum plants would be initially highly attractive to F. occidentalis, they would need to be replaced periodically, before a high level of senescent inßores-cences triggers a massive emigration of females. Before a trap plant management strategy can be successfully implemented, future studies need to assess the impact of feeding-induced senescence of inßores-cences on the rates of between-plant dispersal by adult thrips at different spatial scales.
